Multidetector CT in pre- and post-operative evaluation of living-related liver transplantation  by Elrakhawy, Magdy Mohamed et al.
The Egyptian Journal of Radiology and Nuclear Medicine (2013) 44, 147–157Egyptian Society of Radiology and Nuclear Medicine
The Egyptian Journal of Radiology andNuclearMedicine
www.elsevier.com/locate/ejrnm
www.sciencedirect.comORIGINAL ARTICLEMultidetector CT in pre- and post-operative evaluation
of living-related liver transplantationMagdy Mohamed Elrakhawy a, Nevertiti Kamal Eldin Eid a,
Mohamed Abdel Wahab b, Amani Ezzat Mousa a, Eman Mohamed Helmy a,*a Department of Radio-Diagnosis, Faculty of Medicine, Mansoura University, Egypt
b Department of Gatrointestinal Surgery, Gastroenterology Surgical Center, Mansoura University, EgyptReceived 31 December 2012; accepted 13 February 2013












er review under responsibility
uclear Medicine.
Production an
78-603X  2013 Egyptian So





httcense.Abstract Objective: To assess the role of multi-detector CT (MDCT) in the pre and post operative
evaluation of both potential donors and recipients for living related liver transplantation (LRLT).
Material and Methods: This prospective study included 26 patients for LRLT and their corre-
sponding donors. For preoperative assessment, all subjects were evaluated by triphasic CT abdo-
men. CT angiography (CTA) with 3D reconstruction and CT volumetry was additionally done
for donors. CT ﬁndings were compared to surgical results as gold standard reference. In post-
operative evaluation, CT abdomen was performed at least once after transplantation for all
recipients and for indicated donors. CTA was done for indicated recipients when US ﬁndings were
inconclusive.
Results: No statistically signiﬁcant difference was found between CT volumetry and intraoperative
ﬁndings. Compared to surgical ﬁndings, MDCT identiﬁed hepatic arterial and portal venous anat-
omy with 100% sensitivity and speciﬁcity, while for hepatic venous anatomy; it showed sensitivity
and speciﬁcity of 85.7% and 84.2%. Biliary complications and ﬂuid collections were the commonest
in recipients and donors respectively.
Conclusion: MDCT is a single comprehensive non-invasive and accurate imaging modality for pre-
operative evaluation of liver parenchyma, hepatic vascular anatomy and graft volume and postop-
erative complications in donors and recipients of LRLT.
 2013 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Living related liver transplantation (LRLT) has become a
valuable treatment for patients with end-stage liver disease
who cannot receive deceased donor livers (1). It is a radiology
intensive procedure that requires specialized pre-operative
assessment of donor as well as recipient for their suitability.Production and hosting by Elsevier B.V.
.02.006
148 M.M. Elrakhawy et al.The complex nature of the surgical procedure needs detailed
understanding of hepatic angioarchitecture, biliary anatomy,
extrahepatic vascular abnormalities and hepatic volumetry
for a safe and successful transplantation (2).
Multidetector CT is a technological advance that permits
high-speed and high-resolution helical imaging of the entire li-
ver volume during a single breath-hold. The combination of
fast helical scanning and image processing in three-dimen-
sional (3D) and multiplanar reconstructions has resulted in a
dramatic improvement of image quality and the ability to de-
pict ﬁne anatomic vascular detail. Thus it provides comprehen-
sive parenchymal, vascular, and volumetric preoperative
evaluation of potential donors undergoing living adult right
lobe liver transplantation. This information had a major im-
pact on patient selection. It allowed the surgeons to plan their
surgical approach, and this planning may reduce postoperative
complications (3).
US is the main initial imaging modality for the evaluation
of liver transplant dysfunction due to its easy availability
and high sensitivity in the detection of vascular as well as bil-
iary complications. CT is complementary to US and is often
used as a problem-solving modality, being reserved for sec-
ond-line investigation when US ﬁndings are indeterminate or
inconclusive (4).
MDCT permits a good assessment of liver parenchyma and
other abdominal organs, and the evaluation of biloma, bleed-
ing, abdominal or hepatic abscesses and can identify biliary
duct dilatation, even if the anastomosis is not easy to depict.
MDCT angiography is the best option for conﬁrming the ultr-
asonographic suspicion of early and late vascular complica-
tions (5).
The purpose of our study was to evaluate the signiﬁcance of
multidetector CT in the pre operative evaluation of both po-
tential donors and recipients for LRLT and the possible post
operative complications.2. Patients and methods
2.1. Patients
A total of 26 transplant patients and their corresponding do-
nors were enrolled in this prospective study from July 2009
to July 2012. The recipients were 23 males, 3 females, and
mean age 47.9 years, range 30–60 years. The donors were 22
males, 4 females, and mean age 27.96 years, range 19–40 years.
All subjects were referred from liver transplantation unit of
Mansoura Gastroenterology Center. Inclusion criteria include:
end-stage liver disease as cirrhosis and hepatocellular carci-
noma (HCC) stage I or II with either solitary lesion of size less
than 5 cm or three or fewer tumors of 3 cm or less. Exclusion
criteria: (a) for the recipients include: extrahepatic malignancy,
cholangiocarcinoma or diffuse portal vein (PV) thrombosis (b)
for the donors include: any hepatic focal lesions, hepatic stea-
tosis, insufﬁcient liver volumetry or complex vascular variant
anatomy that precludes surgery. Informed consent was ob-
tained from all subjects prior to the CT examinations.
2.2. MDCT imaging
For preoperative assessment, all subjects were evaluated by
abdominal US and triphasic CT of the abdomen. CT angiog-raphy (CTA) with 3D reconstruction techniques and CT volu-
metry was additionally done for donors in preoperative
assessment. CT was performed at least once after transplanta-
tion for all recipients and for indicated donors. CTA was done
for indicated recipients in post-operative evaluation when US
ﬁndings are indeterminate or inconclusive.
CT assessment was done using a 16-multidetector row scan-
ner (General Electric Bright-Speed; General Electric Medical
Systems, Milwaukee, WI). A baseline unenhanced scan of each
subject was obtained. Triphasic CT study of the abdomen was
then performed after ingestion of 750 ml water as neutral con-
trast agent then a nonionic contrast material (scanlux with
370 mg iodine/mL) was administrated intravenously at a dose
of 2 mL/kg (maximum, 180 mL) and infusion rate of 3 mL/sec.
A test-bolus technique was used for all subjects; 20-mL bolus
of contrast material was injected at the rate of 3 mL/sec. For
the hepatic arterial phase, scanning is automatically triggered
at 125 HU in the aorta at the celiac artery level. The venous
phase was acquired with a delay of 55–65 s after initiation of
the contrast material injection. A delayed phase of 180 s was
then performed. Each image set was collected within 1
breath-hold from the dome of the diaphragm to the lower pole
of the right kidney.
2.2.1. Image parameters
Section thickness: 0.75–1 mm; reconstruction increment: 0.5–
1 mm; gantry rotation time: 0.5 s; KV: 120 to 140 kV; and
mAs: 300 to 360.
2.2.2. Post processing
Image reconstruction thickness was 1–2 mm with 50% overlap
for the arterial phase and 2–5 mm with 50% overlap for the ve-
nous phase. All images were transferred to the dedicated work-
station for post processing. Reformation of the source images
was performed by one radiologist who was blinded to the con-
ventional angiographic ﬁndings. First, a maximum intensity
projection (MIP) image was produced in the transverse plane.
Then, the radiologist edited bone from the image by using a
manual cutting device at the workstation. Three-dimensional
models of the hepatic artery were generated by using a vol-
ume-rendering technique, and visual enhancement was
achieved by means of artiﬁcial color assignment to the vascular
models. The MIP and volume-rendered images were magniﬁed
and projected at the appropriate viewing angle.
2.3. Image analysis
2.3.1. Assessment of hepatic morphology
For fatty inﬁltration and focal lesions or masses.
2.3.2. CT Volumetry
Total liver and graft volumes were measured on the axial ve-
nous phase image set after manual tracing of the contours of
the entire liver and the graft (liver segments V–VIII, or II
and III). The inferior vena cava, extrahepatic portal vein,
and major ﬁssures were excluded. We deﬁned a virtual right
hepatectomy plane that corresponded to the plane of the sur-
gical incision, which is 1 cm to the right of the middle hepatic
vein that extended from the level of the suprahepatic inferior
vena cava down to the gallbladder fossa; by subtracting the
volume of the right hepatic lobe from the total liver volume,




II Replaced left HA arising from SMA
III Replaced right HA arising from SMA
IV Both replaced left and right HAs as
described in type II and III
V Accessory left HA arising from the left
gastric artery
VI Accessory right HA arising from SMA
VII Accessory right HA arising from SMA
and accessory left HA arising from the
left gastric artery
VIII Replaced right HA and accessory left HA
or replaced left HA and accessory right HA
IX Entire hepatic trunk arising from SMA
X Entire hepatic trunk arising from the left
gastric artery
HA= hepatic artery, SMA= superior mesenteric artery.
Table 2 The site, number and size of hepatocellular carci-
noma (HCC) in 12 recipients.
Site of HCC No. of cases (%)
Right lobe 9 (75)
Left lobe 2 (16.6)
Both lobes 1 (8.4)
Number and size of HCC No. of cases
Unifocal, 2–5 cm 6
Multifocal, each less than 3 cm 6
Table 3 Graft volume estimation on CT volumetry compared
to intra-operative graft weight.
Graft volume on CT volumetry No. (%)
Over-estimation 16 (61.5)
Under-estimation 3 (11.5)
Identical estimation 7 (26.9)
CT volumetry values with deviations of 61% from intra-operative
values were denoted as ‘‘identical’’.
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software was used to calculate liver volume from the manually
drawn lines on the workstation. CT estimation of the graft vol-
ume was compared to the surgical ﬁndings as a gold standard
reference.
2.3.3. Assessment of hepatic arterial system
For the presence of vascular disease, including stenoses, aneu-
rysms, or arterial anatomic variants characterized according to
the classiﬁcation of Michels, 1966 (6) as illustrated in Table 1.
Hepatic arterial anatomy detected on CT was compared to the
surgical ﬁndings as a gold standard reference.
2.3.4. Assessment of portal veins
The portal venous system was evaluated for anatomic variants
on the venous image set by separately analyzing the splenic
and superior mesenteric veins, the portal vein, and the right
and left portal branches. Portal vein anatomy detected on
CT was compared to the surgical ﬁndings as a gold standard
reference.
2.3.5. Assessment of hepatic veins
For branches crossing the dissection line and large accessory
branches (those with a transverse diameter of P5 mm) that
necessitated separate anastomosis in the recipient. Hepatic ve-
nous anatomy detected on CT was compared to the surgical
ﬁndings as a gold standard reference.
2.4. Statistical analysis
Statistical analyses were made with the Statistical Package for
Social Sciences (SPSS) version 20 software (SSPS Inc., Chi-
cago, IL). Sensitivity, speciﬁcity, negative and positive predic-
tive values and accuracy for MDCT were calculated. T-test
and McNemar test were used. P< 0.05 was accepted as statis-
tically signiﬁcant.
3. Results
3.1. Preoperative recipients’ results
Among the twenty-six candidates for transplant, liver cirrhosis
was detected in 14 (53.8%) patients while HCC was detected in
12 (46.2%) patients. All HCC patients were stage-II as con-
ﬁrmed by pathology. The site, number and size of HCC are
illustrated in Table 2. Partial thrombosis of the main PV
(n= 1) and mural thrombus of the superior mesenteric vein
(SMV) (n= 2) were detected on CT.
3.2. Preoperative donor’s results
All included donors were subjected to right lobe donation. On
CT Volumetry, the mean total liver volume (TLV) of the
donors was 1661.3 ± 225 cm3. For graft versus remnant
volume percentage the mean right lobe volume was
1030.6 ± 175.7 cm3 (62 ± 5.6%) and the left lobe volume
was 630.6 ± 125.2 cm3 (38 ± 5.5%) of the TLV. Graft volume
estimation on CT volumetry as compared to the surgical
results is illustrated in Table 3. Comparison between mean
graft volume by CT volumetry and operative graft weight
did not represent a signiﬁcant difference (p= 0.69) withrespect to the intraoperative mean actual graft weights of
1011.5 ± 176.16 ml. P values of 0.05 or less were considered
signiﬁcant. Our Virtual right graft volume results had excellent
agreement with actual graft weight results, with linear correla-
tion and the correlation coefﬁcient (r) = 0.98 as shown in
Fig. 1. CT angiographic ﬁndings of hepatic arterial anatomy
are illustrated in Table 4 and Figs. 2–6. We identiﬁed artery
to segment IV arising from the right hepatic artery (RHA) in
two cases (7.7%), while arising from the left hepatic artery
(LHA) in the remaining cases Fig. 7. Portal vein (PV) variants
were detected in two cases (7.7%), and presented by trifurca-
tion Fig. 8. CT correctly identiﬁed hepatic arterial and portal
anatomy in all cases with 100% sensitivity and speciﬁcity.
Fig. 1 Scatterplott shows an excellent linear correlation between right lobe volumetry and actual right graft weight.
Table 4 CT angiographic ﬁndings of hepatic arterial
anatomy.
1. Conventional type
CHA arises from celiac trunk with normal branching
pattern
18 (69.2%)
2. Replaced left hepatic artery (LHA)
LHA originates from LGA
2 (7.7%)
3. Replaced right hepatic artery (RHA)
RHA originates from SMA
3 (11.5%)
4. Accessory right hepatic artery
RHA originates from hepatic artery proper ,
accessory RHA originates from SMA
1 (3.9%)
5. CHA originates from SMA 2 (7.7%)
Total 26(100%)
CHA= common hepatic artery, LGA= left gastric artery,
SMA= superior mesenteric artery.
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Fig. 9 in the form of: a single signiﬁcant accessory hepatic vein
(n= 8), two signiﬁcant accessory hepatic veins (n= 1), vein to
segment V and VIII (n= 8), six donors had associated two dif-
ferent variants. Compared to surgical ﬁndings, CT correctly
identiﬁed venous anatomy in 22 cases. There was one false neg-
ative case on CT which was found at surgery draining in mid-
dle hepatic vein and three false positive cases at CT. The CT
ﬁndings showed sensitivity of 85.7%, speciﬁcity of 84.2%,
PPV of 66.67%, NPV of 94.1% and accuracy of 84.6%.
3.3. Postoperative complications in the recipients
Biliary complications (Figs. 10 and 11) were the most common
setback followed by vascular one (Figs. 12 and 13). Different
biliary and vascular complications are illustrated in Table 5.
Other complications: (a) Parenchymal complications in the
form of: hepatic infarction which was segmental (n= 2) and
marginal (n= 2), splenic subcapsular infarction (n= 1) and
splenic subcapsular hematoma (n= 1). (b) Abnormal ﬂuid
collection in the form of: cut surface collection (n= 4), epigas-
tric collection (n= 2) and pleural effusion (n= 4).3.4. Postoperative complications in the donors
Abnormal ﬂuid collections were the most common complica-
tion seen in donors as 15.4% had cut surface collections
(n= 4), subphrenic collection (n= 1), pleural effusion
(n= 1) and incisional collection (n= 1). Biliary complications
in the form of: bile leak (n= 2) and biloma (n= 2) constituted
four episodes in three donors (11.5%). Two donors had cut
surface collection proved to be biloma and deﬁnite diagnosis
was conﬁrmed by ultrasound guided aspiration and managed
by ultrasound guided tube drainage.4. Discussion
Living donor liver transplantation is a complex surgical proce-
dure balancing between the safeties of two lives. A successful
transplantation requires a thorough evaluation of the recipient
as well as the potential living donor before undertaking such
an operation and MDCT has a deﬁnite role in the evaluation
of both. MDCT helps to determine clinically relevant informa-
tion about variant hepatic vascular anatomy, liver volume and
fatty changes of liver parenchyma. MDCT is also useful in
determining clinically relevant information for recipients such
as exclusion of advanced hepatocellular carcinoma and other
malignancies, patency of venous system and presence of peri-
hepatic varices (2).
Singh et al. (7) mentioned that among patients with HCC,
priority for liver transplantation should be given to those with
stage T2 disease because patients with T1 disease have high
survival rates without transplantation, and those with T3 dis-
ease have a high rate of recurrence. In the current study, all the
included recipients with HCC were stage II.
To be eligible for liver transplantation (LT), patients with
HCC should have a single tumor that is smaller than 5 cm
or three or fewer tumors of 3 cm or less (7). In the current
study, the selected patients with HCC coincide with these
criteria.
In our study there were three cases of partial PV thrombo-
sis. None of the cases had diffuse thrombosis which is consid-
ered as exclusion criteria as mentioned by Moon and Lee (8).
Fig. 2 Three-dimensional volume–rendered (VR) image shows
the normal hepatic arterial anatomy. CT = celiac trunk,
CHA= common hepatic artery, GDA= gastroduodenal artery,
LGA= left gastric artery, LHA= left hepatic artery, PHA=
proper hepatic artery, RHA= right hepatic artery, SA = splenic
artery, SMA= superior mesenteric artery. Representing Type I
Michel’s classiﬁcation.
Fig. 3 Sagittal oblique maximum intensity projection (MIP)
image reveals a replaced right hepatic artery (RT HA) arising from
the superior mesenteric artery (SMA) during the hepatic arterial
phase. The left hepatic artery (LT HA) is arising from celiac trunk,
thus representing type III Michel’s classiﬁcation.
Fig. 4 Coronal oblique MIP image shows the right hepatic
artery (RHA) originates from the proper hepatic artery (PHA)
and an accessory right hepatic artery (Acc RHA) originates from
the superior mesenteric artery (SMA), it represents type VI
Michel’s classiﬁcations. CHA= common hepatic artery, SA = s-
plenic artery, LGA= left gastric artery, GDA= gastroduodenal
artery, LHA= left hepatic artery.
Fig. 5 Coronal oblique MIP image shows the left hepatic artery
(LT HA) originates from the left gastric artery, representing type
II Michel’s classiﬁcation.
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weights for living related liver transplantation (LRLT). It is
necessary to know the estimated weight of the donor graft be-
fore the operation because the ratio of estimated graft weight
to recipient’s body weight (GRWR) is crucial to planning a
successful LRLT (9). The mean TLV (1661 + 225 ml) of our
donors was comparable with those reported by Radtke et al.
(10) and Suzuki et al. (11).
In the present study, all donors underwent right lobe
resection for live donation without the MHV. Liver partitionderived from the venous phase of CT was 62 ± 5.6% and
38 ± 5.5% of the TLV for the right and left hemi-liver vol-
umes respectively. This was in agreement with Radtke et al.
(12). Torres et al. (13) stated that the remnant liver must equal
at least 30% of the TLV to ensure adequate function in the
donor.
The blood circulating in the intrahepatic vasculature at the
time of imaging is associated with graft volume overestimation
Fig. 6 Sagittal oblique MIP image shows common hepatic
artery (CHA) arising from superior mesenteric artery (SMA),
representing typeIX Michel’s classiﬁcation. RHA= right hepatic
artery, LHA= left hepatic artery, GDA= gastroduodenal
artery.
Fig. 7 Oblique MIP image shows the segment IV hepatic artery
(SEG IV HA) originates from the right hepatic artery (RT HA).
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intra operatively (14,12). In the present study, preoperative
graft volume overestimation represented 61.5% which
matched with the results of different researches (15,16,12). In
the current study, there was no statistically signiﬁcant differ-
ence (p= 0.69) between mean virtual graft volumes
(1030.6 ± 175.7 cm3) and intraoperative mean actual graft
weights (1011.5 ± 176.16 gm) for all donors. Virtual right
graft volumes had an excellent linear correlation and the cor-
relation coefﬁcient (r= 0.98) with actual graft weights. These
results were in agreement with Radtke et al. (12) and Yoney-
ama et al. (9).
CT is important for assessment of hepatic vascular anat-
omy as certain anomalies may require modiﬁcation of the sur-
gical procedure while others might be a contraindication to
surgery (17). In the current study hepatic arterial variants were
detected on CT in eight cases (30.8%). The incidence of hepa-tic arterial variants is variable ranging from 20% to 46%
(3,18,5,19). The most common anatomical variants observed
in the present study were a replaced right hepatic artery arising
from the superior mesenteric artery (11.5%) followed by the
replaced left hepatic artery arising from the left gastric artery
(7.7%). These results were in agreement with several studies
(17,20–22). A replaced RHA or LHA has the advantage of
safer anastomoses because these arteries are usually long
(23). On the other hand, the presence of an accessory RHA
or LHA may indicate the creation of a dual anastomosis be-
cause hepatic arteries are considered end arteries (24).
Undisturbed inﬂow to segment IV in case of right lobe
resection must be secured, however the arterial supply to seg-
ment IV may be quite variable, so precise identiﬁcation of its
origin as well as the distance to the bifurcation of the proper
hepatic artery are essential (5). This artery usually arises from
the left hepatic artery (LHA), while in 25–30% of cases it arises
from the right hepatic artery (RHA) or from both (5,18). In
our study, the arterial supply to segment IV was arising from
RHA in two cases (7.7%), while it was from LHA in the
remaining cases.
Although anomalies of the portal system are not contrain-
dications to surgery, they must be known because they may re-
quire multiple portal anastomoses during the implantation of
the right lobe into the recipient (5). Trifurcation of PV is as-
signed in many literatures to be the most common PV variant
with variable approximate frequencies of 7.8–16% (25,17,20).
In our study portal vein variants were detected in two cases
(7.7%) and had trifurcated type. Our results are matching with
those reported by Artioli et al. (20). The sensitivity, speciﬁcity;
PPV, NPV, and accuracy of MDCT in identiﬁcation of hepatic
arterial anatomy and portal venous anatomy were all 100%.
These results were in agreement with those of Artioli et al.
(20) and Ali et al. (22).
The hepatic venous anatomy identiﬁcation is crucial for li-
ver transplantation. In our study we paid special attention to
signiﬁcant accessory hepatic veins (diameter of 5 mm or more)
which cross dissection line or that may require additional anas-
tomosis. In the current study, 11 cases (42.3%) had one or
more anatomical variants. This was comparable to the results
of Ali et al. (22). Anatomic variations in the conﬂuence pattern
of the middle hepatic vein (MHV) are of great importance as
MHV anatomy is actually the key to right lobe donation be-
cause the hepatectomy plane runs 1 cm to the right of the
MHV, with the subsequent necessity of transaction of one or
more of its branches. This situation is more common with late
conﬂuence of branches forming the MHV or dominance of the
MHV over the RHV (5). In our study we encountered ﬁve
cases (19.2%) with late conﬂuence into MHV, and these veins
moved along the hepatectomy plane, while MHV dominance
was found in three subjects (11.5%). In their study, Abdelga-
wad and El-Abd (19) reported late conﬂuence of the middle he-
patic vein in 20% and dominant middle hepatic vein in 16% of
cases.
It is important to determine if an accessory inferior right
hepatic vein is present, if it is, a distance of 4 cm or more in
the coronal plane between the accessory vein and the right he-
patic vein may make it difﬁcult to surgically implant both veins
with a single occluding clamp on the recipient IVC. Accessory
hepatic veins with a caliber of 5 mm or more require separate
anastomosis to the IVC to prevent hepatic congestion (7). In
the current study we reported eight cases (30.7%) with a single
Fig. 8 (A) Coronal MIP and (B) axial MIP image show a trifurcation of the main portal vein (M) into the anterior right (A), posterior
right (P), and left (L) portal veins. In cases of right lobe donation, this will lead to creation of two venous openings that should be
reconstructed.
Fig. 9 Three different donors: (A) axial MIP reformatted image of late conﬂuence of two branches (black arrows) that drain into MHV
very close to IVC, (B) axial MIP reformatted image of early conﬂuence of branches that drain into MHV (white arrows), (C) oblique
coronal 3D angiogram of hepatic veins shows an additional large right inferior hepatic vein (RIHV) (white arrow) draining in the (IVC),
Rt HV= right hepatic vein, MHV=middle hepatic vein, Lt HV= left hepatic vein and IVC = inferior vena cava.
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Fig. 10 Contrast enhanced CT (CECT) of the abdomen shows two well deﬁned rounded hypoattenuating lesions in segments V and VI
of the liver graft (arrows) with double target appearance (outer hypodense edema and inner wall ring enhancement), drainage revealed
cholangitic abscesses.
Fig. 11 CECT abdomen in the arterial phase shows liver graft cut surface hypodense ﬂuid collection, aspiration and laboratory analysis
conﬁrmed the diagnosis of biloma (arrow).
154 M.M. Elrakhawy et al.signiﬁcant accessory right inferior hepatic vein and one case
(3.84%) with two signiﬁcant accessory right inferior hepatic
veins. We encountered one false negative case at MDCT which
was found at surgery draining in the middle hepatic vein and
three false positive cases at MDCT. This can be attributed to
poor opaciﬁcation of those vessels. Schroeder et al. (26) re-
ported that the assessment of the hepatic venous system onMDCT images is more difﬁcult than the evaluation of the arte-
rial or portal systems.
Early complications are deﬁned as those occurring within
4 weeks after donation, and delayed complications are deﬁned
as those occurring more than 4 weeks after donation (27).
Among the included donors, 11 complications had occurred
in eight donors (30.7%). All of these complications occurred at
Fig. 12 Coronal oblique MIP image shows short anastomotic
stenosis of the graft hepatic artery with normal branching pattern
(arrow).
Table 5 Post-operative complications in the abdominal CT














n Partial 1 (3.8)




Gortex graft thrombosis 2 (7.7)
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donor mortalities. Our results are closely similar to Azzam
et al. (28).
MDCT permits good assessment of bilomas, bleeding,
abdominal or hepatic abscesses. It can identify biliary duct
dilatation, even if the anastomosis is not easy to depict (5).
In the present study, persistent ﬂuid collection was the most
frequent complication and constituted eight episodes in sevenFig. 13 (A) Axial MIP image, (B) coronal MIP image show sevedonors (30.7%). Biliary complications (leak/biloma) consti-
tuted four episodes in three donors (11.5%).
Regarding the post-operative recipient complications, a to-
tal of 11 biliary complications had occurred in eight patients
(30.7%). They included biliary strictures, leak and bilomas,
and cholangitic abscess formation. Five cases developed com-
plications within the ﬁrst three months while the remaining
three patients developed later on. This was in agreement with
Caruso et al. (5) who mentioned that bile duct complications in
the various series vary from 7% to 50%.
Vascular complications after liver transplantation remain a
major source of morbidity and mortality for recipients espe-
cially those receiving LRLT owing to the complex vascular
reconstruction (29).
Hepatic artery (HA) stenosis has been reported to occur in
5–11% of liver transplant recipients. This complication usually
occurs at the site of anastomosis within 3 months after trans-
plantation (30) CT provides a good noninvasive alternative
to conventional angiography (31). In our study we encoun-
tered only one case of hepatic artery stenosis (3.8%). Were short anastomotic stenosis of the graft portal vein (arrow).
156 M.M. Elrakhawy et al.suspected the stenosis by Doppler sonography and conﬁrmed
by CT arteriography that depicted the short stenotic segment
of the HA at the site of anastomosis. The use of three-
dimensional reformatting techniques as MIP, and VR in the
post-processing was very helpful in detection of stenosis.
Caruso et al. (5) stated that portal vein stenosis is more fre-
quent in partial liver transplants than in whole liver trans-
plants. The post-operative ﬁndings of this study showed
three patients (11.5%) with portal vein stenosis and thrombo-
sis. Zamboni et al. (32) mentioned that CT is highly accurate in
detecting portal vein occlusion and stenosis with sensitivity of
100%. The reported incidence of hepatic venous outﬂow
obstruction in the present study was 7.7% (2/26), which is rel-
atively higher than (2.7%) that reported by Azzam and Tana-
ka (29).
The limitations of our study included a relatively small
number of patients, inability to assess variations in biliary
anatomy during preoperative donor evaluation as MR cholan-
giopancreatography (MRCP) is the preferred imaging modal-
ity. Biliary complications like stenosis of biliary-enteric
anastomosis and major bile duct obstruction are better appre-
ciated by MRCP.
5. Conclusion
Multi-detector CT is a single comprehensive, non-invasive and
accurate imaging modality for pre-operative and post-
operative evaluation of liver transplant patient. It allows an
accurate assessment of liver parenchyma, hepatic vascular
anatomy, graft volume and detection of post-operative
complications in donors and recipients of LRLT.
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